Abbreviations: BF-2, bluegill fry; CC 50 , dextran concentration provoking 50% inhibition of cell growth; CDM, defined medium containing 0.8% glucose; CDMS, CDM without glucose and supplemented with 0.8% sucrose; TCID 50 
Dextrans produced by lactic acid bacteria exhibit antiviral and immunomodulatory activity against salmonid viruses
acute diseases of rainbow trout (Onchorhynchus mykiss) and several species of salmon.
22
The mortalities are inversely proportional to the age of the fish and survivors remain in Japan and several European and Asian countries (Bootland & Leong, 1999) .
28
The use of existing antivirals against fish viruses has not been investigated in depth 
57
In the present study, we have characterized as dextran the EPS produced by Lb.
58
sakei MN1, evaluated the in vitro and in vivo antiviral activity of the purified EPS 59 against IHNV and IPNV and investigated its mechanism of action. or IHNV, the cultures were frozen and thawed three times to lyse the cells, centrifuged
149
(3000 x g, 10 min), and the supernatants stored at -70 °C until they were used for viral were incubated for 3 days after infection, and the cells were then recovered by scraping.
158
Following three consecutive freeze-thaw cycles, the supernatants of the clarified lysates
159
were collected, and the amount of infectious virus was determined by TCID 50 assay. 
Experimental fish

166
The rainbow trout fry, mean body weight 1.5 g, were purchased from a commercial 
Results
233
EPS production and characterization
234
The rate of EPS production by the two strains in defined CDMS medium 235 supplemented with sucrose was monitored during 10 h and is shown in Fig. 1 is shown in Fig. 3 ), a great difference in molecular mass was detected, with a 252 logarithmic diffusion coefficient of -10.9 for T2000 and -12.3 for the two EPS tested.
253
T2000 is a high purity dextran fraction commercialized with the highest average EPS-LS and EPS-LM) or 3000 (commercial dextran T2000) µg mL -1 was required to 271 obtain a 50% inhibition (Table 1) .
272
EPS-LS and EPS-LM showed a similar antiviral activity against the virus IHNV in
273 the range of concentrations tested, in contrast to T2000 that showed a very low activity 274 (Fig. 1S ). In addition, EPS-LS showed the highest antiviral activity resulting in a 50%
275
inhibition at a concentration of 500 µg mL -1 (Table 1) . A ten-fold higher concentration
276
(5000 µg mL -1 ) of T2000 was required to obtain the same effect (Table 1) .
EPS-LS
277
inhibits IHNV replication in EPC cells with a selective index of more than 10. The more 278 potent inhibition of EPS-LS and EPS-LM against IHNV could be explained by their 279 molecular weight than T2000 (Fig. 3) . Therefore, the antiviral action of commercial 280 dextrans with a molecular weight ranging from 10-500 kDa (T10, T50, T70 and T500) 281 was also analyzed (Table 1 and on IPNV infection increasing the EC 50 from 3000 to >5000 (Table 1) and provoking a 285 reduction of infectivity from 50% for T2000 to 25% for T500 at a concentration of the 286 dextrans of 1 μg mL -1 (Fig. 1S) . 
Inhibitory effect on IPNV and IHNV infection by dextrans
288
The influence of the polymers on the viruses' replication in cell cultures was 
EPS-LS or EPS-LM at the highest concentration tested (1000 µg mL -1 ). The EPS-LS
292
was the only dextran whose addition at 250 µg mL -1 resulted in a decrease of viral 293 infectivity (1 logarithmic unit). By contrast, for T2000 no significant influence in 294 infective viral titre was observed at any concentration tested (Fig. 4A) .
295
In the case of IHNV, a 4, 2 or 1.5 logarithmic units reduction in virus yield was 296 detected in the EPC cells treated with EPS-LS, EPS-LM or T2000 at 1000 µg mL -1 . At 297 lower doses (from 100 to 500 µg mL -1 ), the two EPS also reduced viral infectivity (in 298 the range of 1.5 to 3.5 logarithmic units) with a greater effect of EPS-LS, whereas in 299 this dose-range T2000 only produced a slight effect (0.5 logarithmic unit reduction) at 300 500 µg mL -1 (Fig. 4B) . 
Influence of addition time of dextran on yield of IPNV and IHNV after infection
302
To identify at which stage of the virus cycle the dextrans could impair viral 303 infection, addition-time assays were performed using dextrans at a concentration of 304 1000 µg mL -1 (Fig. 5) .
305
In BF-2 cells infected with IPNV, the addition of any of the three dextrans, 30 min 306 prior to infection, elicited some antiviral activity (1 logarithmic unit for both EPS and 307 0.5 for T2000). Higher antiviral activity was observed when the dextrans were added at virus yield was detected (Fig. 5A ).
311
Similar behaviour was observed in the EPC cells infected with IHNV (Fig. 5B ).
312
However, in this case, the reduction in virus yield provoked by EPS-LS addition was 
The effect of EPS-LS on the survival of IPNV-and IHNV-infected rainbow trout
316
Since EPS-LS showed the highest antiviral activity in vitro (Table 1 and Figs. 4 and   317 5), its influence at 10 µg mL -1 and 50 µg mL -1 was analyzed in vivo (Fig. 6 ). Dextran- 
346
The fold increases observed in HK of treated group in comparison to their 347 corresponding untreated control group is shown in Fig. 7 for IFN-1 and IFN-γ   348 expression. In the case of IFN-1, the immunostimulant of innate response poly I:C was 349 also tested as a control, and an up-regulation was observed 1 day after treatment, which 350 decreased to almost control levels on day 2 (Fig. 7A) . The EPS-LS produced an up- Here, a similar mechanism cannot be discarded. However, the fact that for both viruses addition to markedly decreasing mortality provoked by both IPNV and IHNV (Fig. 6) ,
413
significantly increased the expression of IFN-1 and IFN-γ (Fig. 7) .
414
Conclusions
415
We have characterized two dextran-producing LAB isolated from fermented meat Figure 1S . Cell survival at different concentrations of dextrans against IPNV infection of BF-2 cells (A), and IHNV infection of EPC cells (B). Symbols: T10 diagonal stripes, T70 black, T500 dots, T2000 white, EPS-LM horizontal stripes and EPS-LS grey.
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